The goal of this research project was to carry out a thorough floristic survey of weeds in the traditional agriculture of the South Aegean island of Crete, Greece. Fieldwork was carried out by the authors from 2.4.-7.5.2003. Fifty cultivated localities were surveyed, at which 2455 plant records and 483 herbarium gatherings were made. Living material was collected for cytological investigation at UPA. A relational database of the results (localities, taxa observed, herbarium specimens, living material) was created and is placed online as an electronic supplement. The collections and observations were critically evaluated, and a catalogue of the taxa recorded at each locality is provided here. Distributional notes are provided on significant records and selected weed species that are indicators of (obligate to) traditional agriculture.
Introduction
Changes from traditional to modern agricultural practices on the South Aegean island of Crete, Greece, during the 20th century have adversely affected the non-invasive Mediterranean weed flora there. Many of these species were presumably originally introduced by humans (such plants are termed archaeophytes), and they often exhibit peculiar, restricted distributions reflecting the isolation under which the traditional agriculture developed. The declining populations of archaeophytes are an important but overlooked issue in the conservation of Mediterranean biodiversity. It is currently difficult or impossible to measure population decline or threat levels of Cretan weeds during the 20th century because insufficient comparative historic data exist. This is at least partly because weeds tend to be undercollected during botanical excursions. The goal of this research project, therefore, was to carry out a thorough floristic survey of weeds in the traditional agriculture of Crete not only to assess current distribution but also to provide an accurate data set for comparison by future surveys.
Material and methods
Exactly five weeks were spent in the field in Crete from 2.4.-7.5.2003. The whole island except the high mountains (above 1200 m) was covered, working from the warmer, drier east to the cooler, wetter west using a rented minivan. Turland was accompanied in the field for four periods doi:10.3372/wi. 34.34206 (available via http://dx.doi.org/) of approximately one week by (1) Bareka, (2) Charalambos Kyriakopoulos, (3) Kamari and Phitos, and (4) Spyros Karakitsos. The criterion for choosing localities to survey was the presence of 'traditional agriculture', which was inferred from (1) a rich weed flora, (2) the absence or non-dominance of the highly invasive South African geophyte Oxalis pes-caprae L., (3) the absence of herbicidal spraying, and (4) the absence of irrigation pipe systems. Fifty cultivated localities (fields, vineyards and olive groves) were surveyed in detail for vascular plant taxa. Precise latitude/longitude coordinates and altitude were recorded for each locality by using two Garmin 'GPS 12' GPS units in tandem (accuracy stated by manufacturer to be 15 m), together with notes on size of locality, habitat, crops and a brief description of the surrounding area. The approximate area of each locality was estimated by walking with c. 1 m paces. In most cases, a single field was surveyed, except for some very large fields or extensive, contiguous olive groves, where only a part was surveyed. Islands of phrygana or other non-cultivated habitat within fields, or such habitats around field margins, were excluded from the surveys, but non-weeds actually growing in the fields (such as isolated trees or shrubs) were included. A list of all plant taxa seen at each locality, a total of 2455 records, was compiled. Herbarium specimens were collected. The aim was to try to collect only flowering or fruiting material and to attempt to make at least one gathering of every species recorded during the project as a whole (not from every species at each locality). However, extra gatherings were made for certain more critical taxa. The altogether 483 numbers were collected in sets of four duplicates wherever possible, one each for B, BM, MO and UPA. Living material was also collected and is being cultivated at UPA for cytological studies. A Microsoft Access database of the localities surveyed and taxa recorded has been placed online, as an electronic supplement to this paper, at http://www.bgbm.fu-berlin.de/bgbm/library/publikat/willd34/ turland&al.htm.
List of localities surveyed
The 50 localities surveyed are mapped ( Fig. 1 ) and listed below in the order visited. The following format is used: locality number, number of species recorded, nomos ('Nom.', prefecture), eparhia ('Ep.', administrative district), locality, latitude, longitude, altitude (in metres), habitat, approximate area (in square metres), surrounding habitats, date (day.month.year) and collectors. 
List of taxa recorded
Taxa are listed alphabetically by family, genus, species and then infraspecific taxon within the four groups Pteridophyta, Gymnospermae, Dicotyledones and Monocotyledones. Taxonomy and nomenclature follow Turland & al. (1993) and its two updates , 2004 . Under each taxon are listed the locality numbers where the taxon was recorded. In some cases notes are provided in parentheses immediately following the locality number. If the records are not based solely on field observations and material has been collected, the locality numbers are followed by either "s.n." for a living collection (all at UPA), or a collection number for a herbarium gathering. Collection numbers are those of the first author, although the collectors at that particular locality may be cited, e.g. Bareka & Turland sub Turland 1085 or Kamari & al. sub Turland 1306 . Herbaria are listed using the standard Index Herbariorum abbreviations (B, BM, MO, UPA) in parentheses after the collection number. Doubtful records have been excluded, except where indicated. Altogether 2455 plant records are listed, representing 431 taxa and 416 species, among which are 483 herbarium gatherings, comprising 1687 specimens and representing 302 taxa and 295 species. Moench -16, 17, 21, 29, 30, 31, 37, 38-1336 (B, BM, MO, UPA) 19, 24, 25, 27, 28, 33, 36, 37 (abundant), 38, 39, 41, 45, 46, 47, 48, 50 . Hedypnois cretica (L.) Dum. Cours. -2-977 (B, BM, MO, UPA), 20, 22, 23, 26, 27, 32, 33, 35, 36, 38, 39, 40, 45, 48, 49 . 6, 7, 8, 16, 18, 20, 22, 24, 29, 31, 32, 33, 34, 35, 37, 42, 45, 50 . -6, 7, 13, 16, 17, 22, 24, 25, 26, 30, 35, 36, 39, 42 . Onopordum tauricum Willd. Picnomon acarna (L.) Cass. -8 (at margin of locality), 13, 14, 16, 28, 29, 34, 41, 43 . Reichardia picroides (L.) Roth -19, 26-1232 (B, BM, MO, UPA), 31, 32, 34, 39, 45, 50 . Rhagadiolus stellatus (L.) Gaertn. sensu lato (incl. R. edulis Gaertn.) -1-967 (MO, UPA), 6, 7, 16, 19, 20, 22, 24, 25, 28, 29, 31, 33, 35, 36, 38-1338 (B, BM, MO, UPA), 40, 42, 45, 48, 49, 50. Scorzonera cretica Willd. -25, 26, 32, 35, 42 . Senecio vulgaris L. -1-959 (B, BM, MO, UPA), 2, 4, 5, 6, 7, 12, 13, 14, 17, 20, 24, 25, 30, 32, 33, 34, 35, 41, 43, 45, 47, 50 18, 19, 25, 32, 33, 34, 37, 45, 50-1467 (B, BM, MO, UPA) . Sonchus oleraceus L. -2, 3, 4, 5-1023 (MO), 7, 13, 14, 17, 18, 19, 20, 21, 22, 23, 26, 27, 28, 30, 31, 6, 7, 14, 16, 17, 21, 24, 26, 28, 30, 31, 33, 34, 35, 36, 42, 43, 45, 46. Geranium purpureum Vill. -20-1137 (B, BM, MO, UPA), 21, 29, 35, 42, 48, 50. Geranium rotundifolium L. -20-1154 4, 12, 13, 17, 18, 23, 24, 25, 28, 29, 30, 32, 35, 38, 41, 42, 43, 45, 48, 50 27, 36, 38, 40, 45, 47, 48, 49, 50 . Trifolium infamia-ponertii Greuter (T. intermedium Guss., non Lapeyr.) -49-1458 (B, BM, MO, UPA). Trifolium nigrescens Viv. sensu lato -22, 25, 32, 33, 35, 36, 38, 40, 41, 42, 46, 47, 50. Trifolium nigrescens Viv. subsp. nigrescens -7-1035 Vicia sativa L. -16-1091 (MO), 20-1143 (B, BM, MO, UPA) , 23, 24, 26, 28, 29, 33, 34, 37, 38, 39, 42, 46, 47, 48 . Vicia villosa subsp. varia (Host) Corb. Oxalis pes-caprae L. -1, 2-972 (B, BM, MO, UPA), 3 (at margin of locality), 4, 5, 7, 8 (at margin of locality, near road), 16, 17, 18, 19, 21, 22, 23, 24, 25, 26, 29, 30, 31, 33, 35, 37 3, 4, 10, 11, 12, 13, 14, 15, 17, 18-1112 (MO) & 1120 . 
Galactites tomentosa
Helichrysum conglobatum Steud. (H. barrelieri (Ten.) Greuter; H. stoechas subsp. barrelieri (Ten.) Nyman) -26. Helminthotheca echioides (L.)Matricaria chamomilla L. (Chamomilla recutita (L.) Rauschert; M. recutita L.) -17-1103 (BM, MO, UPA), 47-1428 (B, BM, MO, UPA). Notobasis syriaca (L.) Cass.
Discussion
The coincidence map (Fig. 2) is based on the numbers of species recorded at each locality. It shows a distinct upward trend in species richness from east to west, which is at least in part a result of our starting the survey in the east on 2 April, early in the flowering season, when most of the weeds were insufficiently developed to be visible or identifiable, especially at the higher altitudes of the Katharo and Lasithi plains. The survey finished in the west on 7 May, when many species were in flower or fruit and therefore readily identifiable. Other contributing factors may include decreasing rainfall from west to east, variations in altitude, geological substrate, field size and land management regime. We note that, despite covering much ground in the east (Ep. Ierapetras and Ep. Sitias), we actually found very few examples of traditional agriculture there. We observed Oxalis pes-caprae L. to be dominating the weed flora in many parts of Crete, especially in herbicide-treated, mechanically tilled, irrigated olive groves and vineyards. The relatively young olive groves of Ep. Sitias are a case in point: very little grows under the trees there except Oxalis. Herbicides tend to kill off the weeds competing with the Oxalis, which itself is relatively resistant, at least to non-translocated herbicides. Mechanical tillers spread the bulblets via the mud that adheres to their blades. This was illustrated well at Neohori in central Crete (locality 17), where the olive grove surveyed was not tilled and had a rich weed flora with very little Oxalis, whereas all the surrounding groves, which had been tilled, had abundant Oxalis. Indeed, absence or relative scarcity of Oxalis was often taken as an indication that traditional agriculture was surviving. Of the 19 localities where Oxalis was not recorded during the fieldwork, 15 were above 500 m, which is probably too high for the species to thrive, and certainly the ten localities above 700 m exceed the altitudinal limit for the species (c. 600 m). Of the four remaining localities, two are remote from villages (20 and 27), and two are on the far western coast of Crete (48 and were not recorded in the far west. However, this may be because they are both early-flowering geophytes that have normally set seed and withered by May when the far west was surveyed. They may well have been present but invisible. They were both last seen on 1 May at over 1000 m on the Omalos plain (localities 43 and 44).
Obligate weeds of traditional agriculture The 20 taxa listed in Table 1 may be regarded as reliable indicators of traditional agriculture, in that they are restricted (obligate) to such habitats, in contrast to less specialized (facultative) weeds, which can tolerate a wider variety of cultivation methods and rapidly colonize newly cultivated land such as ploughed phrygana. Six additional obligate weeds known to occur in Crete (all annuals) were not found during the fieldwork: Adonis annua subsp. cupaniana (Guss.) C. (Umbelliferae) and Vaccaria hispanica (Mill.) Rauschert (Caryophyllaceae). The list of 26 taxa is not intended to be comprehensive, and there are perhaps a few others that should be added.
The coincidence map in Fig. 3 is based on the records of obligate weeds listed in Table 1 . The primary 'hot spot' is the Lasithi plain in the Dikti massif of the east (localities 12-15), with a total of seven obligate weed species recorded at the four localities. This plain, at least its drier eastern part, has been cultivated for well over 500 years (Rackham & Moody 1996: 95-96, 149-150) and the altitude (800-850 m) is too high for Oxalis pes-caprae L. to invade and out-compete the 'traditional' weeds. Other hot spots are the Katharo plain (localities 9-11), east of and higher (1100-1150 m) than the Lasithi plain, with six species at the three localities; the Rodopou peninsula (locality 45), with five species; and the Anopoli plain (localities 35 and 36), with five species at the two adjacent localities.
Asperula arvensis L. -Our record from Gangales (locality 22), just above the northern edge of the Mesara plain, is the first Cretan record of this annual species outside the Dikti massif of the east. Only a few individuals were seen in the part of the field surveyed. In the Dikti massif, the species is known from the Lasithi and Katharo plains, where it was first recorded by Greuter & al. (1984: 288 ) and where we also found it.
Bupleurum lancifolium Hornem. -This annual species was not found during this fieldwork, and we know of no post-1930 records from Crete. Several older records were cited by Rechinger Scorzonera cretica Willd. -Our records from Anopoli and near Pemonia (localities 35 and 42 respectively) supplement the known distribution of this Aegean endemic species. Previously, the western limit of the main distribution was thought to be the Asfendos gorge in Ep. Sfakion (21 April 1989, Chilton & Turland obs.; mapped in Turland & al. 1993: map 442) , with an outlier 23 km further west in the Samaria gorge (also Ep. Sfakion); Anopoli is halfway in-between. The Samaria gorge population had been described as a locally endemic species, S. dependens Rech. f. (Rechinger 1934 (Rechinger : 18-19, 1943 (Rechinger : 687, 1944 , which was briefly discussed by Chater (in Tutin & al. 1976 : 322, in a note under S. cretica) and was subsequently treated as a questionable synonym of S. cretica by Barclay (1986: 35) , who was followed by Turland & al. (1993: 71) .
Veronica triloba (Opiz) Wiesb. -The two previous records for this annual species from Crete (Greuter & al. 1984 : 291, as V. hederifolia subsp. triloba (Opiz) Celak.) are both from natural habitats at higher altitudes (calcareous slopes and scree at 1400 m) in the Psiloritis and Afendis Kavousi massifs. It is noteworthy, therefore, that the species also occurs as a weed in higher-altitude cultivated fields (530-850 m) in the Dikti massif (Lasithi plain), at its western base (Geraki, locality 18), and in the Asterousia mountains (Ahendrias, locality 24).
